W La Revue canadienne de psychiatrie, vol 55, no 7, juillet 2010 422 Objectives: To test if being born at low birth weight (LBW; <2500 g) or being small for gestational age (SGA; <10th percentile for gestational age [GA]) are associated with increased levels of depressive symptoms in youth and, if so, when these first emerge, if the relation is sex-specific, and whether this effect is direct or mediated by early life difficulties.
A dolescence represents a period of high risk for the development of depressive symptoms. These can cause suffering, alter developmental trajectories, 1 and increase the risk of developing major depressive disorder later in life. 2 Depression is a complex genetic disorder with an estimated heritability of 20% to 40%, 3 which highlights the vital role environmental factors play in its expression.
Recent research suggests that prenatal environmental factors can increase one's susceptibility to depressive symptoms. Exposure to physiological and psychological stressors during pregnancy is accompanied by adaptations in maternal neuroendocrine stress response systems in an attempt to maintain homeostasis. 4 Such suboptimal conditions result in fetal adaptation as well. If exposures occur during sensitive developmental periods they can alter function permanently, a phenomenon known as programming. 5 While adaptive in utero, these alterations can increase the risk of developing pathology in the face of stresses later in life. It has been suggested that LBW reflects exposure to suboptimal intrauterine environments 6 and may be a proxy for maternal exposure to stress during gestation. 7 LBW has demonstrated associations with increased risk of numerous chronic health problems including obesity, with changes manifesting as early as adolescence. 8 Given that brain development continues throughout fetal life, it is not surprising that LBW is associated with neurodevelopmental problems including ADHD, 9 learning problems, 10 and decreased IQ. 11 More recent research has described an association between LBW and depression. A recent review of the literature suggested that most populationbased cohort studies done in this area support the existence of a relation. 7 Emerging evidence has begun to suggest that the association between LBW and depressive symptoms may be strongest in females, 7 and that this risk may first manifest during adolescence. 12 Why this occurs is not well understood, but may be due to differential neurodevelopmental, hormonal, or psychosocial exposures, or their combination. An understanding of the factors and processes that contribute to the observed disparities between females and males in prevalence and age of onset of depressive symptoms would not only add to our understanding of their causes but also potentially inform preventive interventions.
Unfortunately, despite increased interest in this area, the use of disparate samples, measures, and methodologies have led to some uncertainty as to when and in whom LBW poses the greatest risk. Until very recently, most of these studies did not adjust for potential confounding factors or mediators of the association between LBW and adolescent depression. Given the well-documented association of LBW with both ADHD and cognitive problems, and findings that such difficulties are associated with an increased risk of depressive disorders in youth, 13 it is possible that the link between LBW and depression may be accounted for by these factors.
Given the above findings, we wished to determine if LBW and SGA are associated with increases in depressive symptoms in childhood or adolescence in the offspring of a prospectively studied, nationally representative cohort of American women after adjustment for potential maternal confounders such as maternal depression, age, marital status, and household income. We also sought to confirm the sex-specificity of the relation and assess the role neurodevelopmental indicators (ADHD symptoms and short-term memory functioning) play in mediating this association.
Methods

Participants and Measures
Data were drawn from the NLSY79-Child and Youth Sample, which began in 1986 and followed all children born to women enrolled in the NLSY79, a nationally representative sample of 12 686 American women aged 14 to 21 years as of December 31, 1978. Informed consent was obtained from these women in compliance with the policies of the US Bureau of Labor and Statistics and the Census Bureau.
At the initial interview, which occurred in the first year of the index child's life, women were asked to provide information on their health during pregnancy and the conditions of labour and delivery. These included maternal age, pre-pregnancy weight in pounds, smoking during pregnancy, single-parent status at time of birth, GA in weeks, and years of education achieved up to the time of birth. Family income was measured in 4 quartiles (in US dollars): 0 to $24 999, $25 000 to $49 999, $50 000 to $74 999, and $75 000 and above. Ethnicity was reported by the parent as being black, Hispanic, or non-black or non-Hispanic. A measure of maternal depression, the 20-item self-reported Center for Epidemiologic Studies for Depression Scale, was administered when the sample was aged 2 to 5 years. Adjustment for this variable is intended to control for the child's familial or genetic risk for depression, as well as the risk associated with exposure to maternal depressed mood during childhood.
The sample was aged 10 to 14 years in 2000 (n = 1647). Only children for whom depression scores, GA, and birth weight were available were eligible (n = 1230 or 74.8%). We excluded twins as their birth weight norms differ from those of singleton births (n = 46). Children with missing scores and twins did not differ from the selected sample on proportion of LBW children (that is, <5.5 pounds or <2500 g; c 2 = 0.34, df = 1, P = 0.32) or sex ratio (c 2 = 1.73, df = 1, P = 0.10). However, the proportion of single mothers was increased in the group of children who were excluded (c 2 = 24.2, df = 1, P < 0.001). At the time of the child's birth, 57% of the mothers were married and their average age was 25.8 years (SD 2.2). At the time of the interview (1994), 65.2% of women were living with the father of the child and had completed 12.6 years of education on average (SD 2.3 years). Eight percent of mothers had a clinically significant score on the depression scale administered in the NLSY79, 49% were non-black, non-Hispanic Caucasian, 22 % were Hispanic, and 29% were black. Average family income was $43 309 (SD $21 212) in 1994.
Variable Selection
Predictor (LBW) and Outcome (Depression) Variables. Child (measured at age 4 to 7 years in 1994) and adolescent (measured at age 10 to 13 years in 2000) depression scores were derived from the items of the internalizing scale of the BPI. 14 The BPI was created for the NLSY79 and is based primarily on the Child Behavior Checklist. Mothers reported the frequency with which their child engaged in each of the included behaviours during the previous week using a 3-point scale (1 = never to 3 = often) with total scale scores ranging from 1 to 12. The scale contains 4 items: child feels worthless or inferior; child is unhappy, sad, or depressed; child is withdrawn; and child complains no one loves them. These 4 were chosen from 8 internalizing items to reflect core Diagnostic and Statistical Manual of Mental Disorders symptoms of depression, as opposed to worry. The 4-item scale demonstrated adequate internal consistency in this sample (Cronbach's a = 0.77 overall). BPI items have been used extensively in epidemiologic research and have demonstrated the ability to meaningfully discriminate between clinic and community children. Birth weight data were collected via maternal self-report, which is known to be reliable, valid, and stable over time. 15 Birth weight was divided into 2 categories, LBW (<5.5 pounds or <2500 g) and >5.5 pounds, our reference category. Children were deemed to be SGA if their birth weight was below the 10th percentile for GA, according to the birth weight norms set by Kramer et al. 16 Covariates. Childhood ADHD symptoms (measured at age 4 to 7 years in 1994) were based on questions selected empirically from the BPI and demonstrated adequate internal consistency. Total scores ranged from 1 to 15, and scale items included: child has difficulty concentrating or paying attention; child is easily confused or in a fog; child is impulsive or acts without thinking; child is restless, active, and cannot sit still; and child demands a lot of attention. This scale also demonstrated adequate internal consistency in this sample (a = 0.77). The Wechsler Intelligence Scale for Children-Memory for Reverse Digit Span was selected as a measure of short-term memory ability and was administered to the cohort in 1998 when the children were aged 8 to 11 years. Completion of this scale required that the child repeat a series of numbers back to the interviewer, with a maximum possible score of 14.
Statistical Analysis
Bivariate correlations between study variables and depression scores were tested for all subjects and then stratified by sex (because a significant interaction was found between sex and birth weight category). For the dichotomous grouping variable of birth weight, differences in mean depression scores between the groups were calculated using Student t tests, except for the dichotomous predictor single-parent status, where an odds ratio was calculated, and for racial status (a trichotomous measure), where a 1-way ANOVA was used. Differences in mean levels of depressive symptoms between males and females, as well as between the birth weight groups, were also assessed using t tests. All statistical tests were 2-tailed, with significance levels set at a = 0.05.
To test whether intervening variables account for the LBW and depression association, a series of ordinary least squares multiple regression models were constructed with the adolescent's depression score at age 10 to 13 years and, subsequently, the same child's depression score at age 4 to 7 years as dependent variables. To increase statistical power, we treated depression as a continuous rather than a categorical variable. Depressive symptom levels that do not meet diagnostic thresholds are associated with impairment, and levels in excess of these thresholds are not necessarily associated with increased morbidity. 17 We tested 2 models designed to estimate the magnitude of the relation between LBW and adolescent depressive symptoms. Prior to model testing, we assessed whether there was a significant interaction between child sex and birth weight predicting depressive symptoms to see whether testing male and female models separately was appropriate. As there was an interaction ( b = -0.50, P = 0.02), suggesting that the effect of LBW on adolescent depression was magnified in girls, we proceeded to test subsequent models in boys and girls separately. We also examined if depressive symptom levels varied based on the child's age in 2000. They did not for boys (F = 0.04, df = 3,1, P = 0.99), and in girls, the only finding was a drop in symptoms in those aged 11 years. Thus we included all ages in the same model (Table 1) . To address the question of whether being LBW, compared with SGA, showed differential prediction for risk of depressive symptoms, we re-executed all models by reassigning children as being SGA or normal gestational weight for age.
The first model estimated the direct relation between LBW and depression controlling for child age, GA, and potential confounding variables including maternal age, depressive symptoms, pre-pregnancy weight, years of education, single parent status, total family income, and ethnicity, as well as child depressive symptoms (aged 4 to 7 years). The second model included the predictors from the first model and 2 possible indicators of neurodevelopmental compromise hypothesized to be of relevance to the relation between LBW and depressive symptoms. These covariates, namely ADHD scores and short-term memory, were assessed for whether they might mediate the relation between LBW and adolescent depression using the method of Baron and Kenny. 18 We used the Sobel test 19 to determine whether the indirect or mediated effect of ADHD or short-term memory functioning were statistically significant. Finally, we tested the regression models with all covariates with depression scores measured in childhood (aged 4 to 7 years) as the outcome. All statistical analyses were conducted using SPSS version 13.0 (SPSS Inc, Chicago, IL).
Results
The mean ages of children at the first and second waves of data were 5.44 years (SD 1.13) and 11.43 years (SD 1.12), respectively. The average birth weight in the sample was 3405 g (SD 584) and 4.8% of children (n = 59, 38 girls) were classified as LBW (<2500 g) and only 18 were born SGA. Forty-four, or 3.6% of the sample, were born SGA (29 girls), and only 18 were less than 2500 g. Although average birth weight was greater in boys (3491 g, SD 612), compared with girls (3346 g, SD 584), the proportion of children with LBW did not differ by sex (c 2 = 1.23, df = 1, P = 0.26), although more girls were born SGA (c 2 = 4.14, df = 1, P = 0.04). Further, the proportion of LBW babies differed significantly among those who also met criteria for SGA (41%) or normal gestational weight for age (4%; c 2 =122.2, df = 1, P < 0.001).
Severity of depressive symptoms did not differ by sex when measured in early adolescence (mean score was 4.80 in boys and 4.91 in girls; t = 1.45, df = 1206, P = 0.16) or in childhood (mean score was 4.60 in boys and 4.65 in girls; t = 0.67, df = 1196, P = 0.5). Tables 2a and 2b, which display differences in depressive symptom scores by age, sex, and birth weight status, demonstrates significantly higher adolescent depression scores in the SGA and LBW groups than for their counterparts, but no differences in childhood depression scores across groups. Table 3 contrasts depressive symptom scores by birth weight status, separately in boys and girls. This shows that, in boys, there were no differences in depression scores by birth weight or by age. LBW girls had significantly more depressive symptoms at ages 11 and 13 years, and post hoc tests for differences within girls' birth weight group-corrected for multiple testing-found that depressive symptoms increased after age 11 years in NBW girls only. 
Bivariate Associations Between Covariates and LBW or Depression Scores
Depression in adolescence is significantly associated with all covariates except child age, gestational duration, digit span, and ethnicity (Table 4 ). LBW status demonstrated significant associations with low pre-pregnancy weight (r = -0.06, P = 0.05), low education status (r = -0.09, P = 0.003), maternal depression score (r = 0.05, P = 0.05), and low family income (r = -0.08, P = 0.07). Being born at LBW was also significantly associated with decreased duration of gestation (r = -0.51, P < 0.001).
Regression Models Predicting Adolescent Depressive Symptoms
Adolescent Females. The first model showed that LBW (b = 0.28, P < 0.001) was associated with depressive symptoms in adolescence (Table 5a ). In Model 2, which included and adjusted for all maternal and child covariates, LBW remained a significant predictor of depression (b = 0.22, P = 0.01). Among the covariates tested, maternal education, increased pre-pregnancy weight, and depression and child ADHD and depression remained as significant predictors of female adolescent depression. The complete model predicted 28% of the variance in female adolescent depression scores.
This model was retested using SGA as the main predictor instead of LBW. Being born SGA (b = 0.09, P = 0.007) was predictive of depressive symptoms in adolescence. In Model 2, maternal depression (b = 0.22, P < 0.001), education (b = 0.173, P = 0.001), single-parent status (b = 0.11, P = 0.03), income (b = -0.17, P = 0.001), and child ADHD scores (b = 0.24, P = 0.001) were significant predictors of adolescent depression in those born SGA. This model predicted 23% of the variance in adolescent depression scores.
Adolescent Males. Neither LBW nor SGA status predicted depressive symptoms in boys (Table 5b ). However, when maternal and child covariates were added as a group to the LBW model, maternal depression scores (b = 0.12, P < 0.001), pre-pregnancy weight (b = 0.09, P < 0.05), and single marital status (b = 0.08, P < 0.01), as well as child depression (b = 0.39, P < 0.001) and ADHD (b= 0.23, P < 0.001) scores, did predict depression in boys, accounting for 14% of the variance in scores in adolescence. The SGA model showed similar findings, with maternal depression (b = 0.20, P = 0.01) and child ADHD scores (b = 0.27, P < 0.001) as significant predictors.
Tests for mediation of ADHD and digit span were not conducted in boys as there was no significant relation between LBW and adolescent depression. In girls, the Sobel test statistics were not statistically significant for any of these mediators, suggesting that there were no important indirect effects of LBW on adolescent depressive symptoms through these proposed mediators.
We failed to find an association between LBW or SGA and depressive symptoms measured in childhood in either sex 
Discussion
In the prospectively followed offspring of a nationally representative cohort of American women, we found that LBW and SGA were associated with increased levels of depressive symptoms in females but not in males and that this first emerged in early adolescence, not childhood. This association persisted despite adjustment for confounders and did not appear to be due to childhood mediating factors. In the overall sample, we observed that maternal depression and single marital status, symptoms of ADHD and depression in childhood, and increased maternal pre-pregnancy weight were significant predictors of depressive symptoms in adolescents.
Our findings of sex and age of onset specificity for depressive symptoms are in keeping with previous data. 12, 20 While the reasons for this specificity are not known, LBW may interact with normal female neurodevelopment, hormonal differences, and (or) psychosocial exposures during adolescence to increase risk. Differences in female and male growth patterns during gestation may also contribute to this disparity. Despite males' more rapid growth trajectory, females' earlier developmental canalization 21 may be of greater relevance to the timing of development of brain circuits or regions germane to the etiology of depression. Exposure to prenatal stresses, such as those that can result in LBW, can also lead to HPA dysregulation as well as increased anxiety and depressivelike behaviour in female 22 but not in male offspring in animal models. 23 This may be due to the higher levels of glucocorticoid transfer that occur across the female placenta. 24 Given these findings in animal models and emerging data supporting a relation between LBW and depressive symptoms in females, it may be that HPA axis activation during gestation differentially impacts HPA function in males and females. Unfortunately, the NLSY79 data did not contain information on the timing of menarche and so it was not possible to determine what role, if any, the changes associated with the pubertal transition play in the observed relations. It is also important to note that our findings are based on a relatively small number of youth born at LBW or SGA and that this report is only the third that has provided evidence of sex and age specificity. Thus it will be important for researchers to examine this association in future studies.
We could identify no role for ADHD symptoms or short-term memory function as mediators of the relation between LBW and adolescent depression. Given that birth weight has been shown to be influenced mainly by environmental factors 4 and as the relation between LBW and depressive symptoms persisted even after adjustment for familial and environmental risks, our data raise the possibility that a direct relation exists between the fetal environmental factors leading to LBW and the development of depressive symptoms in female adolescents. However, while we selected all of our predictor, outcome, and covariate variables a priori, our conclusions are limited by an inability to assess and adjust for variables not measured in the NLSY, some of which may confound or mediate between LBW and depressive symptoms or even account for the relations observed. Unfortunately, some of these unmeasured variables could include those associated with the environments that contribute to LBW or that are known to be among its sequelae and that may continue into postnatal life to affect the risk of developing depressive symptoms. These could include environmental variables such as suboptimal parenting practices, family dysfunction, or other sources of stress in the rearing environment or even individual characteristics of the child, such as their genetic endowment, problems with shyness or social anxiety, and even academic failure. As it is likely that both psychosocial and biological factors contribute to the development of depressive symptoms in children born small, it is critical that future research continue to examine additional exposures or characteristics that could mediate or moderate this relation.
Our results suggest that both LBW and SGA are associated with an increased risk of depressive symptomatology in adolescent females. Indeed, both LBW and SGA have been associated with later depression in most of the previous studies that have examined them. 7 This finding may not be surprising in that both fetal growth restriction and prematurity can result from exposure to prenatal maternal stresses. While these results could be interpreted as suggesting that factors involved in the pathogenesis both of prematurity and of SGA are relevant to the development of depressive symptoms later in life, our study may have been underpowered to detect a difference between these 2 predictors. This is an area that warrants further examination, particularly in that recent studies suggest that children born SGA may be at increased risk for depression, compared with children born LBW, but appropriate for GA. 25 Finally, our finding of a significant association between increased maternal prepregnancy weight and adolescent depression in the overall sample warrants further study. While maternal obesity is associated with an increased risk of ADHD, 26 this has not been reported for affective symptoms. Maternal obesity may exert this effect via birth complications, neuroendocrine, or immune dysregulation, or via childhood obesity. This observation should be interpreted carefully, as mothers' were the source of childhood symptom report and we were not able to control for maternal height or childhood obesity. If obesity were to increase risk, it would have implications for the incidence of depressive symptoms, given recent worldwide obesity trends.
It is important to note that the observational nature of this study and the existence of unmeasured confounders does not allow us to conclude that LBW causes depression. Indeed, most studies that have examined this relation have been epidemiologic in nature and may not reflect causation.
While it is known that levels of depressive symptoms vary over time, our use of cross-sectional assessments may have led to an underestimation of symptoms both in mothers and in offspring, though this is unlikely to have differed between LBW and control groups. Unfortunately, our symptom measurements do not allow for generalizations to clinical samples. In this work, symptom report was only provided by a single informant (mothers), and the item coverage for depressive symptoms is small compared with other studies in this area. This latter limitation might be expected to reduce the strength of the observed relation between LBW and depressive symptoms or result in significant associations between LBW and depression both in childhood and in adolescence. As neither finding occurred, this may attest to the robustness of this association. amenable to treatment or prevention will be of particular value, as they may help translate epidemiologic findings into clinically relevant interventions.
Conclusions
The intrauterine conditions leading to LBW and SGA are significant predictors of the development of depressive symptoms in females but not in males and first emerge in early adolescence, not childhood. These relations remain despite adjustment for numerous potential confounders and childhood mediators of this association. These findings suggest that the fetal environmental factors leading to LBW may be directly related to the development of depressive symptoms in female adolescents. Females born at LBW or SGA may represent a population at risk for depression that could warrant monitoring of their mood as they enter puberty.
Résumé : Symptômes dépressifs accrus chez les adolescentes, mais pas les adolescents, ayant eu une insuffisance pondérale à la naissance dans la descendance d'une cohorte nationale
Objectifs : Vérifier si le fait d'avoir une insuffisance pondérale à la naissance (IPN; < 2 500 g) ou d'être petit pour l'âge gestationnel (PAG; < 10 e percentile pour l'âge gestationnel [AG]) est associé avec des niveaux accrus de symptômes dépressifs chez les jeunes, et le cas échéant, quand ceux-ci apparaissent pour la première fois, si la relation diffère selon le sexe, et si cet effet est direct ou médié par les difficultés de début de vie.
Méthode : Les associations entre IPN, PAG et les symptômes dépressifs de 4 à 7 ans et de 10 à 14 ans ont été vérifiées auprès de 1 230 enfants nés de participantes l'Enquête longitudinale nationale sur les enfants et les jeunes à l'aide de modèles de régression linéaire ajustés pour l'âge maternel, l'ethnicité, l'instruction, le poids, les symptômes dépressifs, l'état matrimonial, et le revenu. Nous avons aussi ajusté pour l'AG, l'âge de l'enfant, et les symptômes dépressifs de 4 à 7 ans. Les symptômes du Trouble de déficit de l'attention / hyperactivité (TDAH) et la mémoire à court terme de 8 à 10 ans ont aussi été évalués pour leur rôle présumé de médiateurs de cette relation.
Résultats : IPN et PAG étaient associés à des niveaux accrus de symptômes dépressifs chez les adolescentes seulement. Cela persistait malgré un ajustement pour les facteurs périnataux et n'était pas attribuable aux médiateurs présumés. Chez les garçons et les filles, les niveaux accrus de symptômes dépressifs étaient associés avec le poids maternel élevé pré-grossesse, la dépression, et l'état de célibataire, ainsi qu'avec le TDAH et les symptômes dépressifs dans l'enfance. Des résultats semblables ont été observés chez les nourrissons nés PAG.
Conclusions : Nos résultats soutiennent l'existence d'une association spécifiquement féminine entre IPN, PAG et les symptômes dépressifs adolescents. Les différences d'expositions aux médiateurs de stress maternels ou des facteurs de développement peuvent être sous-jacents à ces résultats.
